Lipid A, which is the lipid part of lipopolysaccharide (LPS), has been thought to be the active center of endotoxin (23) . The chemical structure of lipid A from Escherichia coli was recently determined, and the lipid was subsequently synthesized chemically (10, 11, 22) . This compound exhibited the same activities as those of natural lipid A in many assay systems so far tested (6, 9, 20) . These results showed that the proposed chemical structure of lipid A is correct and that lipid A alone is the active center of almost all the biological activities of endotoxin. The chemically synthesized compounds not only contributed to the confirmation of the above findings but also enabled us to study precisely the relationship between chemical structure and biological activities (4-6, 9, 16-20) . It is concluded that all three constituents of the lipid A structure-that is, a diglucosamine backbone, phosphate, and fatty acids-are prerequisite for the full expression of endotoxic activities. Among these constituents, the position of fatty acid substitution was especially critical for endotoxic activities (4, 16, 19) . Thus the compounds whose fatty acids were substituted at positions 2, 3, and 4 of a reducing glucosamine residue and positions 2 and 6 of a nonreducing glucosamine residue and which were first synthesized after the old model of lipid A structure were almost inactive compared with natural lipid A (29, 30) .
We show here, however, that some of these preparations surprisingly stimulate macrophages to induce prostaglandin synthesis in culture to an extent comparable to that evoked by native LPS.
Prostaglandins are presumed to act as mediators of certain LPS actions such as induction of fever (1, 27) , abortion (28) , and shock (2, 3, 8) , and the macrophage is probably one of the most important cellular targets of endotoxin (21, 25) . Therefore, the ability of a compound to induce prostaglandin synthesis in macrophages in vitro seemed to be a good indicator for the structural requirements of cell activation. Moreover, the use of macrophages of tolerant mice makes it possible to distinguish between an endotoxic and a more general signal (31) .
MATERIALS AND METHODS
Stimulants of prostaglandin release. Lipopolysaccharide (LPS) from Salmonella minnesota R595 (7) and the synthetic lipid A analogs (12) (13) (14) have been described previously (30) . The chemical structures of the synthetic preparations used in this study are shown in Fig. 1 . Some of the synthetic (phosphate-containing) preparations were solubilized or finely suspended in water after conversion into triethylammonium salt by shaking in 0.1 N HCI at 0°C for 2 to 5 min, followed by centrifugation, washing, suspension in water, ultrasonication, and neutralization with triethylamine. 
Induction of prostaglandin release and its determination. Macrophages were incubated with different stimulants for 24 h (37°C). The cells were then centrifuged, and the prostaglandins in the supernatant were determined by radioimmunoassay (15) . All experiments were done in duplicate. Anti-prostaglandin F2a (PGF2a) antisera were prepared by the method of Pesker et al. (24) . Antisera against prostaglandin E2 (PGE2) were purchased from Sigma.
[3H]PGE2 and [3H]PGF2a were purchased from Dupont, NEN Research Products (Boston, Mass.) (specific activities of PGE2 and PGF2a were 165.0 and 150.0 Ci/mmol, respectively).
RESULTS
Induction of prostaglandin release from rabbit alveolar macrophages by synthetic lipid A analogs. Rabbit alveolar macrophages were cultured, and prostaglandin was determined as described in Materials and Methods. With some of the lipid A analogs (compounds 303, 305, 307, and 316), the relationship between dose and the amount of PGF2a released was studied (Fig. 2) . All the tested substances provoked prostaglandin release, but to different extents. Thus, with 30 jig of preparation 303, 9, ng of PGF2a per ml was detected, whereas with preparation 316, only 1.8 ng/ml was found.
Disaccharide preparations 303 and 305, which are substituted with myristic acid in the ester and amide linkage and a phosphate group at Cl (303) and at Cl and C4 (305), induced 10.8 and 10.4 ng of PGF2a, respectively; these amounts were comparable to those evoked by native LPS (12.1 ng). Significant but smaller amounts of prostaglandins were also induced by compounds 304 (2.8 ng), 307 (5.0 ng), 314 (2.9 ng), 316 (3.3 ng), and 317 (3.1 ng).
The monosaccharide derivatives 308 (3.8 ng) and 313 (2.6 ng) also exhibited moderate activity ( Table 1) .
Induction of prostaglandin release from peritoneal macrophages of LPS-responder mice by synthetic lipid A analogs. Induction of prostaglandin release from peritoneal macrophages of LPS-nonresponder mice by synthetic lipid A analogs. Macrophages of the LPS-nonresponder C3H/HeJ mice differ from those of normal, LPS-responder mice in that they cannot be activated by LPS to produce increased levels of prostaglandiis (31) . However, when activated with other stimuli, e.g., zymosan, they respond with prostaglandin synthesis (Table 1 ). This pattern of response makes it possible to distinguish between the activation of these cells by the endotoxin structure and nonspecific activation. LPS at a concentration of 100 ,ug/ml had no effect on these cells. Some of the synthetic structures had a stimulating, hence nonspecific, effect on C3H/HeJ macrophages (compound 308, 3.3 ng; compound 313, 5.1 ng). On the other hand, preparations 304, 305, 307, 316, and 317 (each with a strong ability to activate normal cells) did not have this effect on C3H/HeJ macrophages.
DISCUSSION
After the chemical structure of lipid A of E. coli was established and the synthetic lipid A of the E. coli type was proved to be biologically identical to the natural compound in many tests, one of the questions remaining was whether the variety of endotoxic activities could be separated structurally. By using several synthetic lipid A analogs, the relationship between chemical structure and biological activities was precisely studied (4-6, 9, 16-20, 29, 30 These facts suggest that substances which possess beneficial activity without toxicity can be obtained. In this regard, it seemed interesting to test some biological activities of the compounds which resemble the native compound structurally but are biologically nontoxic. The synthetic lipid A analogs used in these experiments were previously found to be almost inactive compared with native LPS or lipid A because the position of fatty acid substitution was incorrect (29, 30) . Surprisingly, however, some of these compounds, when used to induce prostaglandin synthesis, were found to exhibit activities that nearly equaled that of native LPS.
In order to control the specificity of the endotoxic natures of the synthetic compounds, the compounds were incubated with macrophages of the LPS-nonresponder mouse 
